A study was conducted to evaluate the quality changes that could be occurred in the whole grain wheat flour during the storage and also to study the effect of microwave heating in the quality of the wheat flour. Whole . Its success depends partly on its adaptability and high yield potential but also on the gluten protein fraction which confers the viscoelastic properties that allow dough to be processed into bread, pasta, noodles and other food products. However, wheat products are also suggested to be responsible for a number of adverse reactions in human, including intolerances (celiac disease) and allergies (respiratory and food).
INTRODUCTION
Wheat (Triticum aestivum) is one of the most important food crops that man has cultivated for thousands of years. Wheat is unique in that it forms viscoelastic dough which is able to retain gas bubbles formed by fermentation. As a result, aerated baked products with desirable texture can be made from wheat flour [1] . Wheat is an important source of energy, carbohydrates, protein, fiber, B vitamins, iron, calcium, phosphorus, zinc, potassium and magnesium. This is true especially for whole wheat flour [2] . Its success depends partly on its adaptability and high yield potential but also on the gluten protein fraction which confers the viscoelastic properties that allow dough to be processed into bread, pasta, noodles and other food products. However, wheat products are also suggested to be responsible for a number of adverse reactions in human, including intolerances (celiac disease) and allergies (respiratory and food).
A diet rich in whole-grain foods provides protection against some chronic diseases, including cardiovascular diseases, diabetes and many types of cancer. During milling, the bran and germ layers are removed and the remaining starchy endosperm which contains few antioxidant compounds is ground into flour to make various products. Whole-grain products, retain bran and germ which provide biologically active antioxidants that may act independently or synergistically with fiber to reduce the risk of a number of diseases [3] . Consumers have demanded more whole grain products during the last decade due to the known benefits associated with its consumption and the prevention of cardiovascular diseases and certain types of cancer such as colon cancer, reduction of the risk of type-2 diabetes and its prebiotic potential [4] .
Current and future concerns include sustaining wheat production and quality with reduced inputs of agrochemicals and developing lines with enhanced quality for specific end-uses, notably for bio fuels and human nutrition. Indeed, about 56% of grocery shoppers switched to whole grain bread, and the consumption of other whole grain products have been increasing. Due to this demand, whole wheat flour production was about 2% of total wheat flour production in 2000 [5] compared to 5% in 2010 [6] . By applying heat treatment, it is possible to modify the physical and rheological properties. The primary effect of heat treatment is denaturation of the proteins, partial reduction or inactivation of alpha-analyze, and partial gelatinization of the starch. Understanding of relationship between heat transfer, thermal properties of food, heating medium, thermodynamics and the functionality of the resulting heat-treated flour is of critical importance [7] .
Wheat flours continue to be living biological stuffs also during the ensuing storage. All processes connected with maturation work on for several days after milling and their influence on the flour quality depends on the ambient storage conditions. Flour is a very hygroscopic material and its moisture changes with the changes in temperature and humidity of the store environments. Subsequently a point is reached where further storage no longer seems to be conducive for baking and the bread making properties of flour deterioration. Flour components such as protein, starch and lipid change and these changes directly affect dough rheological and baking characteristics [8] . The baking properties of freshly harvested wheat or freshly milled wheat flour have been reported to improve during storage for a time depending on the nature of the flour and conditions of storage. Therefore, this study was conducted to determine the shelf-life of whole grain wheat flour at air-conditioned environment, determine the effect of microwaving on shelf-life and quality of whole grain wheat flour and to study the physicochemical and nutritional changes of flour during the storage.
MATERIALS AND METHODS

Sample preparation
This study was conducted at the Department of Research and Development, Prima Ceylon (Pvt.) Limited, Chinabay, Trincomalee. This research was carried out to evaluate the shelf life of healthy flour in air-conditioned environment and to evaluate the effect of microwaving on physiochemical and baking properties of flour. Study was conducted for 12 weeks. Freshly milled sample and microwaved sample of whole grain flour were packed in low density polyethylene bags separately and stored in air-conditioned room at 27°C. Every week samples were taken and physico-chemical and biological analysis were carried out. Product development (Healthy cake) and sensory analysis were carried out at the end of every 4 weeks.
Physico-Chemical Properties Analysis
Physico-chemical properties are smell test of flour, sieve test (over tail and weevil count), long moisture, moisture NIR (Near Infrared Ray), protein NIR, ash NIR, wet gluten, colour and fat acidity which were evaluated in two weeks interval. Fat, fiber and product development were conducted once in every 4 weeks. Long moisture analysis, wet gluten, fat, fiber and fat acidity were analyzed according to the recommended AACC [9] method. Moisture NIR, ash NIR and protein NIR were analyzed by using NIR machine. Colour test was done using spectrophotometer (Model-UV-Visible 2240IR) [10] . Typically for whole grain smell test was done to check the rancid odour [11] . Sieve test is conducted to measure the over tail percentage in the flour. Flour was sieved by using 350 µm sieve. The coarse grain particles remains in the sieve known as over tail, was measured and changed into percentage or g/kg.
Biological Studies
Major aspect of biological analysis is to find out weevil. Sieving test was done to check the presence of storage pest contamination in the flour which is a clear indicator of the flour quality. The presence of weevil in the flour sample says that the flour quality deterioration [12] .
Product Development of Healthy Cake and Sensory Evaluation
Margarine and sugar were mixed well until sugar get dissolved well. Then eggs were added one by one and beat well for a creamy texture by using electrical beater. Meanwhile measured amount of baking powder was added with right proportion of flour and both were mixed well by sieving 2-3 times. Then flour was added and mixed. Finally vanilla was added. Dough was transferred into cake pan and baked in oven. Sensory evaluation of the healthy cake was performed on general appearance, aroma, colour, taste, texture and mouth feel using 7 point hedonic scale by panel of 30 trained judges. The scores for these parameter were summed up and by averaging these, overall acceptability score of healthy cake was calculated.
Statistical Analysis
Data of the nutritional parameters were analyzed by Analysis of Variance (ANOVA) (α =0.05) and the differences between means was compared using Duncan's Multiple range Test (DMRT). Complete Randomized Design (CRD) was used. Both nutritional and organoleptic analysis was done through Statistical Analysis System (SAS) software statistical package.
0 RESULTS AND DISCUSSION
Physico-chemical properties
Smell Test and Sieve Test
According to the results which were obtained through 12 weeks study period, smell of the whole grain flour remained unchanged. For whole grain flour there was no any deterioration in shelf-life in the case of sensory characteristics due to the storage period. No more differences were not observed up to 12 th week between microwaved and non-microwaved flours. Smell is the indicator of the growth of microorganism especially fungal infestation due to changes in moisture content and rancidity due to the presence of fat acidity. The data obtained from sieve test, whole grain wheat flour was 100% over tail free throughout the storage period (12 weeks) for both conditions microwaved and non-microwaved. So flour quality remained unchanged for 3 months in case of over tail.
Long Moisture Content
Long moisture is an indicator of grain storability. The Figure 1 shows that impact of storage period on the long moisture content of microwaved and nonmicrowaved whole grain wheat flour and also compares the difference between microwaved and non-microwaved flours. According to the statistical analysis, there was no significance differences (p>0.05) in long moisture content due to the storage. But, the study says that microwaving significantly affected the long moisture content of the flour. It is proved from the figure that there was a great impact on long moisture content due to microwaving. Long moisture content of microwaved flour was reduced by 2.0-2.5%. During microwaving certain level of moisture was removed from flour [13] . This reduced moisture level helps to prevent the microbial growth specially fungus and microorganism (weevil). Table 1 elaborates the moisture content changing pattern of whole grain wheat flour for 12 weeks storage period and also shows the differences between microwaving and non-microwaving flours. As previously explained, microwaving reduces the amount of moisture present in the flour. Moisture content of the microwaved flour fluctuated between 10.5-11.0% whilst the moisture content of non-microwaved flour was 1.0-1.5%. According to the statistical analysis, there was no significant effect (p>0.05) on moisture content of the flour due to storage time. But, significance differences (p<0.05) were observed due to microwaving. Table 1 shows the impact of storage on the protein content of the whole grain wheat flour and compares the changes of protein content of microwaved and nonmicrowaved flour for 12 weeks period. Protein content of microwaved flour was slightly higher than the non-microwaved flour throughout the study period.
Protein NIR
Microwaving had a slight impact on the protein content of the whole grain wheat flour. Results of the statistical analysis, there was no significance effect (p>0.05) on the protein content of the flour due to the storage and microwaving.
Ash NIR
Ash content gives a quantitative estimation of the minerals available in a given food product [14] . Changes of both microwaved and non-microwaved flours during the storage are shown in Table 1 . Thus frequent and steady fluctuations were observed during 12 weeks of storage of flour. Ash content between microwaved and non-microwaved flour were not shown a prominent differences due to microwaving during the study.
Wet-Gluten
Lengthening the storage of wheat flour gradually influences the decreasing quantity of gluten content. As shown in Figure 2 , at the beginning wet-gluten content of the non-microwaved flour was slightly higher than microwaved flour, but later on wet-gluten content of both flours remained nearly same percentage. The wet-gluten content of microwaved flour is 30.1% at the beginning and it is reduced to 23.5% at the end of 12 th week.
Fat
The fat content of microwaved and non-microwaved whole grain wheat flour is shown in Table 2 . The fat content of fresh milled whole grain wheat flour was estimated as 3.37%, but it diminished to 3.13% at the end of 12 weeks storage. For microwaved sample, fat content at the beginning was 4.53% and it also decreased to 3.29% at the end. The decrease in fat could be attributed to the lipolytic activities of the enzyme lipase and lipoxidase [15] . Table 2 reveals that the fiber content of both microwaved and non-microwaved flour increased throughout the storage period. The fiber content of the whole grain wheat flour was not affected by the microwaving. According to the statistical analysis, fiber content was not significant (p>0.05) due to microwaving and storage. Fiber content of microwaved flour was increased from 1.07-1.72% whilst fiber content of nonmicrowaved flour falls between 1.02-1.80%. But all the mean values were within specification.
Fiber
Fat Acidity
As shown in Figure 3 , fat acidity was increased during the storage period for both microwaved and non-microwaved flour. Fat acidity of non-microwaved whole grain wheat flour was higher than the microwaved flour throughout the study period. According to the statistical analysis there was a significant effect (p<0.05) on fat acidity due to the storage period and microwaving. Fat acidity of the non-microwaved flour was nearly doubled at the end of the storage period. Whole wheat flour contains bran, germ and endosperm. Brans and germ have higher proportion of fat, so the problem of rancidity is higher than the white flour which is the major reason for poor shelflife of whole grain wheat flour. Wheat bran and germ have poor shelf-life due to the presence of unsaturated fatty acids, and oxidative and hydrolytic enzymes, rendering the product highly susceptible to rancidity since biologic and enzymatic activities of outer layer of the wheat kernel influence the whole wheat flour stability and bread properties during storage [16] .
Colour
Color parameters are essential for consumers, who either purchase or select to consume food products, on the basis of their color. As shown in Figure 4 , colour of the microwaved flour was higher the colour of the non-microwaved flour for total study period. So microwaving increased the colour content of the flour. temperatures and the duration used [17] . Many researchers have found that Total Phenolic Compounds in various plant species have irregular change under different drying processes [18] .
Biological Parameter-Weevil Count
Results obtained from the sieve test, there were no any weevils found in both microwaved and non-microwaved flour. All flours were weevil free throughout the study period.
Sensory Evaluation
According to the sensory evaluation ( Figure: 5) general appearance, aroma, colour, taste, texture, mouth feel and over all acceptability of the healthy cake from non-microwaved flour were considerably better than the microwaved flour. Aroma of the cake was not affected by the storage period. But colour, taste, texture and mouth feel were differed considerably due to aging of the flour for both cakes. The texture of the cake from non-microwaved flour was much better than the cake from microwaved flour. Texture of the cake prepared from microwaved cake deteriorated considerably with the storage period. Gluten influences specially texture and volume of the cake. Gluten content of the whole grain wheat flour decreased significantly which results in undesirable change in texture and also changes in lipid affected the quality of the cake. The volume and softness of steamed bread and morphology of short-dough biscuits is also influenced by lipids [19] .
CONCLUSIONS
This study concludes that moisture content, colour, and fat acidity were significantly affected by microwaving treatment whilst other parameters wetgluten, protein, ash, fat and fiber not significant due to microwaving for whole grain wheat flour. On the other hand wet-gluten content, colour and fat acidity were significantly affected by storage period whereas moisture, protein, ash, fat and fiber of whole grain wheat flour were not considerably influenced by the storage period of 12 weeks of air-conditioned storage. In the case of healthy cake only textural changes were observed due to changes in gluten content during storage. So main aspect of this heat treatment is increased the shelf-life by reducing the moisture content and fat acidity. But, all the parameters of the both flours were remained within specification throughout the study period of 3 months under air-conditioned storage.
